In the last decade, bilingual word processing has re ceived increasing attention. A basic feature of being bi lingual is that one often has multiple lexical represen tations (one in each language) for a particular meaning (e.g., dog and hond are the English and Dutch words, respectively, for the same animal). If these lexical repre sentations are connected to either the same or overlapping semantic representations (or directly to each other), one might expect interactions between a bilingual's languages during word recognition. Indeed, there is a plethora of evi dence for influences of a bilingual's first language (L1) on the processing of a second language (L2) (see below; for instance, Duyck, 2005; Keatley, Spinks, & de Gelder, 1994; Kim & Davis, 2003; Schoonbaert, Hartsuiker, & Pickering, 2007; Weber & Cutler, 2004) . Depending on the organization of bilingual memory, a nondominant language may also influence the dominant language. The pres ent article asks whether such influences from L2 on L1 processing exist, and if so, whether they are equally strong as the influences from L1 on L2.
guage without overt input in that language, and thus without directing participants' attention to that language. There is additional support for the bilingual asymmetry from stud ies explicitly bringing participants into a bilingual context. One of these studies is that of Schoonbaert et al. (2007) , which showed that there is an asymmetric translation equivalence boost for syntactic priming across languages. Dutch-English bilinguals (from the same bilingual popula tion tested in the present study) tended to reuse the dative structure that they had previously heard in Dutch (e.g., De kok toont een hoed aan de bokser [The cook shows a hat to the boxer]; prepositional dative) to describe a dative target picture in English (The monk gives a book to the waitress; prepositional dative), instead of using the alternative dative structure (The cook shows the boxer the hat; double object dative). More importantly, this L1 to L2 syntactic priming effect was boosted when the L2 translation of the L1 prime verb (e.g., toont [show] ) was to be used in the description of the dative target picture (e.g., The monk shows a book to the waitress). Although the study also observed syntactic priming from L2 to L1, this effect was not boosted by using translationequivalent verbs. This finding was again inter preted as a demonstration of the bilingual asymmetry.
Other studies overtly confronting bilinguals with both of their languages include unmasked priming studies (Al tarriba, 1992; Chen & Ng, 1989; Frenck & Pynte, 1987; Jin, 1990; Keatley et al., 1994; Schwanenflugel & Rey, 1986) . Several of these have shown larger priming effects from L1 to L2 rather than from L2 to L1. In the next sec tion, we will further discuss the masked variant of the priming paradigm as an interesting way to test for cross language effects.
Masked Cross-Language Priming Asymmetries in Lexical Decision
A widely adopted approach to investigate spreading activation across languages from nontarget language rep resentations without bilingual participants' awareness in volves the masked priming paradigm (Forster & Davis, 1984) . The present study adopted this popular paradigm to further investigate whether and to what extent the activa tion of lexical and semantic representations in L1 influ ences L2 processing, and vice versa. Translation priming occurs when the processing of a target is facilitated by a ta chistoscopically presented translation prime (e.g., DutchEnglish, meisje-girl) relative to an unrelated primetarget pair (e.g., koffie [coffee]-girl). We will briefly discuss the existing bilingual studies using this priming paradigm with a lexical decision task (BasnightBrown & Altarriba, 2007; Duyck, 2005; Finkbeiner, Forster, Nicol, & Nakamura, 2004; Gollan et al., 1997; Grainger & FrenckMestre, 1998; Jiang, 1999; Jiang & Forster, 2001; Kim & Davis, 2003; Voga & Grainger, 2007) , since this is the task we focused on in the present article. In general, L1 translation primes systematically speed up lexical de cision times to L2 targets (BasnightBrown & Altarriba, 2007; Gollan et al., 1997; Jiang, 1999; Jiang & Forster, 2001; Kim & Davis, 2003; Voga & Grainger, 2007; Wil liams, 1994) . In contrast, evidence for L2 to L1 transla tion priming (e.g., girl-meisje) is less unequivocal. This only as a trace (together with their L1 translation) in epi sodic memory. A second example of such a theory is offered by Kroll and Stewart's (1994) revised hierarchical model (RHM). They stated that both L1 and L2 words are repre sented in semantic memory, but that they differ with respect to the way in which the lexical representations are mapped onto underlying semantics. A very strict interpretation of this model implies that L2 words (unlike L1 words) are not mapped directly onto semantics, but that they primarily ac cess meaning through their L1 translation equivalent (for a different view, see, e.g., . Hence, in such a model, L2 representations are qualitatively different from L1 representations. This "qualitative" hypoth esis is in line with the lack of consistent translation priming effects from L2 to L1 (assuming that the locus of such prim ing is semantic; see the General Discussion section).
However, an alternative hypothesis would be that the representational differences between L1 and L2-and the way in which these are activated-are not qualitative but quantitative. That is, an L2 word might activate only some of the semantic features that are activated by its L1 translation (see, e.g., the distributed representation model [DRM] proposed by van Hell & de Groot, 1998a) and cause weaker activation in these features (e.g., the model of . Or, the activation in L2 representations may develop more slowly than it would in L1 representations (e.g., the temporal delay hypothesis proposed by Dijkstra & Van Heuven, 2002) . This "quan titative" hypothesis could explain why L2 to L1 priming may be weaker than L1 to L2 priming without a priori excluding reliable priming effects from L2 to L1.
The present study was designed to test under which conditions two types of crosslanguage priming (namely, translation priming and crosslanguage semantic priming) occur in the lexical decision task. Doing this allows us to differentiate between models proposing qualitatively versus quantitatively different L1 and L2 representations. To this end, we investigated how the effect of L2 knowledge on L1 processing compared with the reverse effect. Before we go into more details about the present study, we will discuss the current state of affairs with respect to this issue.
The "General" Bilingual Asymmetry
Many studies have reported differential effects from L1 onto L2 and vice versa, across different modalities. When auditorily instructed to look at the picture of a desk, DutchEnglish bilinguals in Weber and Cutler's (2004) eyetrack ing study were significantly distracted by a picture of a lid, because their L1 lexical representation of the distractor item (deksel [lid] ) has the same initial phonemes as does the auditorily presented L2 word, desk. However, when the participants heard the L1 word deksel, the picture of a desk did not significantly distract participants' fixations of the target picture lid. This result shows how the native language interferes with auditory word recognition in L2 (English) but not vice versa, providing evidence for asym metric crosslanguage interactions in bilingual auditory word recognition.
Like in the van Hell and Dijkstra (2002) study, Weber and Cutler (2004) investigated the influence of the other lan Rey (1986) . However, all of these studies used unmasked priming techniques. As in translation priming, cross language semantic priming effects are often larger from L1 to L2 than from L2 to L1 (see, e.g., Jin, 1990) . Table 1 lists four studies that looked at crosslanguage semantic priming in a masked priming paradigm. The first study, by de Groot and Nas, failed to find crosslanguage semantic priming effects from L1 to L2 while testing Dutch-English bilinguals. A more recent study showed that L2 targets (e.g., church) are primed by L1 pseudohomophones (e.g., pous) of semantically related words (e.g., paus [ pope] ) in Dutch-English bilinguals (Duyck, 2005) . This effect was not replicated with L1 targets (e.g., been [leg] ) and L2 pseudohomophone primes (e.g., knea [knee]), revealing an asymmetry in cross language semantic priming. The third study again failed to find a significant crosslanguage semantic priming effect in either priming direction, using prime-target pairs such as dia [day]-night in SpanishEnglish bilinguals (BasnightBrown & Altarriba, 2007) . In contrast, Perea, Duñabeitia, and Carreiras (2008) found an equivalent crosslanguage semantic priming effect for both directions in balanced Basque-Spanish and SpanishBasque bilinguals.
Taken together, most crosslanguage translation prim ing studies provide evidence for a priming asymmetry, with stronger priming from L1 to L2 than the reverse. What is less clear is whether the asymmetry is a qualita tive one (priming exists from L1 to L2, but not from L2 to L1) or a quantitative one (priming is stronger from L1 to L2 than from L2 to L1). In addition, although there are some indications for a similar asymmetry in cross language semantic priming, the present evidence on the basis of masked priming does not allow us to draw any firm conclusions about this issue.
In the four experiments presented below, we compared translation and crosslanguage semantic priming for the same target words. This approach rules out stimulus dif ferences as a confound of priming asymmetries observed across priming studies. The first two experiments were designed to test for masked translation priming. In Ex periment 1, our aim was twofold: to replicate the L1 to L2 translation priming effect, and to show that this effect generalizes to a population of unbalanced Dutch-English bilinguals. In Experiment 2, we then tested the more de bated L2 to L1 translation priming effect, using exactly the same stimuli as in Experiment 1 (reversing transla tion primes and targets) in the same bilingual population. The last two experiments (Experiments 3 and 4) were de signed to test for masked crosslanguage semantic prim ing from L1 to L2 and vice versa, using semantically re lated primes for the same targets used in Experiments 1 and 2. A comparison between the two sets of experiments allowed us to test whether translation priming and cross language semantic priming are both asymmetric to the same extent.
We manipulated two additional variables in the experi ments. One word variable that might have an influence on the pattern of priming effects (see Table 1 ) is concreteness (see, e.g., van Hell & de Groot, 1998a) . This variable was included in the present study for exploratory purposes. As suggests that translation priming is asymmetrical in the lexical decision task. We summarize the published data from masked translation priming studies (using the lexical decision task and noncognate stimuli) in Table 1 . We did not include unmasked priming studies because these may induce strategic factors that influence nontarget language activation (Neely, Keefe, & Ross, 1989) , and because our focus was on the processing of automatic crosslanguage activation spreading. The 13 studies (26 experiments) that meet these criteria are organized in Table 1 as a function of the type of script of the bilinguals' languages (different vs. comparable), of the specific languages used, and of the type of stimuli used (when available). 1 Gollan et al. (1997) tested both English-Hebrew and Hebrew-English bilinguals and reported significant trans lation priming from L1 to L2, but failed to observe trans lation priming from L2 to L1. These results were basically replicated by Jiang (1999) , who tested Chinese-English bilinguals. The L2-L1 priming effect was absent in all but one experiment, in which a 13msec effect was ob tained with highly frequent stimuli (see Table 1 ). In a simi lar study using comparable bilinguals, Jiang and Forster (2001) failed to obtain significant priming effects from L2 to L1, whereas priming from L1 to L2 was significant. The existence of a translation priming asymmetry in the lexical decision task is further supported by the studies of de Groot and Nas (1991) , Kim and Davis (2003) , Voga and Grainger (2007) , and Finkbeiner et al. (2004) , which showed the existence of L1-L2 priming in Dutch-English bilinguals, Korean-English bilinguals, and GreekEnglish bilinguals, and the absence of L2-L1 priming in Japanese-English bilinguals, respectively. However, al though Grainger and FrenckMestre (1998) were unable to find L2 to L1 translation priming at very short stimulus onset asynchronies (SOAs) (below 50 msec) while test ing French-English bilinguals, they did find a "healthy trend" (Grainger & FrenckMestre, 1998, p. 615) for L2 to L1 priming with a more commonly used (longer) SOA (57 msec). Another study by BasnightBrown and Altar riba (2007) tested Spanish-English bilinguals in both the L1-L2 and the L2-L1 conditions. Both priming effects proved to be significant. There was no interaction between priming and direction, providing evidence against the translation priming asymmetry.
A similar asymmetry might be observed in another vari ant of crosslanguage priming-namely, cross language semantic priming. Semantic priming is a welldocumented effect in the monolingual domain (see, e.g., Bleasdale, 1987; Ferrand & New, 2003; Neely et al., 1989; Perea & Rosa, 2002a , 2002b ; for reviews, see Hutchison, 2003; Lucas, 2000; Neely, 1991) . In this paradigm, responses to target words such as girl are typically faster after presenta tion of a semantically related word such as boy than after an unrelated word such as day. When testing Dutch-English bilinguals, the crosslanguage version of this paradigm uses prime-target pairs such as jongen [boy]-girl (from L1 to L2) and boy-meisje [girl] (from L2 to L1). Using a lexical decision task, crosslanguage semantic priming has been found by Chen and Ng (1989) , de Groot and Nas (1991) , Jin (1990) , Keatley et al. (1994) , and Schwanenflugel and Van LoonVervoorn (1985) . The imageability ratings for the two groups of words differed sig nificantly on a twotailed t test ( p , .001).
Fiftytwo Dutch words, matched closely and item by item to the translation primes, were selected as unrelated primes for the En glish word targets. The Dutch translation primes and their respective controls were matched on length, number of syllables, frequency, and number of orthographic neighbors (all ps . .25, twotailed t tests; see Table 3 for an overview). The measure used for this last variable was Coltheart's N, defined as the number of words differ ing by a single letter from the stimulus, preserving letter positions (e.g., worse and house are both orthographic neighbors of horse; Coltheart, Davelaar, Jonasson, & Besner, 1977) . Neighborhood size and frequency measures for both Dutch and English were calculated using the WordGen stimulus generation program (Duyck, Desmet, Verbeke, & Brysbaert, 2004) , based on the CELEX lexical database of Baayen, Piepenbrock, and van Rijn (1993) . The mean printed frequency for all English word targets was 2.01 log 10 per million, and ranged from 0.85 to 3.04. To avoid confounded priming effects of orthographical overlap, translation and control primes had the same number of shared letters with the target, in the same positions. Also, cognate or interlingual homograph prime-target pairs were excluded from our stimulus lists (as was suggested by Altarriba & BasnightBrown, 2007) . This constitutes a conservative test of non target language activation during language processing.
The experiment involved a 2 (prime type: translation vs. unre lated) 3 2 (concreteness: abstract vs. concrete) 3 2 (SOA: 250 vs. 100 msec) design, with the first two variables as repeated measures, and with SOA as a betweensubjects, but withinitems, variable. Additionally, 52 nonwords were created that followed the English graph otactic constraints, serving as English filler targets for the lexi cal decision task. These nonword targets were matched with the En glish word targets on number of letters, number of syllables, bigram frequency, and number of orthographic neighbors (all ps . .60, two tailed t tests), in order to ensure their wordlikeness and pronounce ability. All nonwords were preceded by unrelated Dutch words. Prime-target pairing was counterbalanced using a Latinsquare design, thus creating two presentation lists. Each participant was as signed to one list and consequently saw each target only once, either with the translation prime or its control. The relatedness proportion within each list was .5 (in accordance with recent suggestions made by Altarriba & BasnightBrown, 2007 , to avoid participants' creat ing expectancy sets).
Procedure. In the 250msec SOA condition, each trial consisted of a sequence of four visual events. First, a row of 10 hash marks (##########), serving as a forward mask and as a fixation mark, was presented for 500 msec. Second, the prime was displayed on the screen for 50 msec (three refresh cycles on a 60Hz moni tor), immediately followed by a blank interval of 50 msec. Third, a backward mask (##########) was presented for 150 msec. Fourth, the target was presented for 500 msec, or until the participant's response. This was identical to the procedure that Jiang (1999, Experiments 4 and 5) and Jiang and Forster (2001, Experiment 1) used (see Table 1 ). In the 100msec SOA condition, the 50msec blank interval was dropped and the backward mask was presented will become clear, there was no significant interaction with priming, but merely a trend toward stronger crosslanguage priming for concrete versus abstract items (see below).
Additionally, the SOA was manipulated between sub jects. Table 1 shows the use of a wide range of SOAs in previous studies. For this reason, we thought that it was interesting to compare two previously used SOAs in one design-namely, a 250msec and a 100msec SOA. The 250msec SOA is on the edge of capturing automatic processes and is still relatively long in comparison with those in most studies reported (see Table 1 ). An SOA of 100 msec gives participants very little opportunity to de velop strategies (Neely et al., 1989; Perea & Rosa, 2002a , 2002b . It is also more comparable to the short SOAs used in most recent masked priming studies (see Basnight Duyck, 2005; Duyck & Warlop, 2009 ; see also recommendations by . Including both SOAs (250 vs. 100 msec) can give us an idea of the time course of crosslanguage priming and ultimately adds to the issue of qualitative ver sus quantitative differences in priming.
EXPERIMENT 1 Translation Priming From L1 to L2

Method
Participants. Sixty Dutch-English bilinguals from Ghent Univer sity participated in the experiment and received course credit in ex change. The mean age was 20.81 years (SD 5 2.13). Participants were all native speakers of Dutch and primarily used their mother tongue in daily life. All of them were regularly exposed to English through media, such as textbooks, television, movies, music, and so on. They had received formal English education at school (starting around the age of 12). They all reported having normal or correctedtonormal vi sion and they participated only in Experiment 1 of the present study.
Stimuli and Design. One hundred Dutch-English translation pairs were selected. A group of 20 Dutch-English bilinguals (from the same population as the participants in the experiments) was asked to give a spontaneous English translation for the Dutch items (L1-L2 translation), whereas a similar group of bilinguals was asked to translate the English items into Dutch (L2-L1 translation). The 52 word pairs that were translated identically by 80% of the partici pants, in both directions, served as unique (onetoone) translation pairs in the following priming experiments. This is important, be cause a recent study by Tokowicz and Kroll (2007, Experiment 3) reported an interaction between concreteness and the number of word meanings in lexical decision: Only onemeaning words showed the traditional concreteness effect (i.e., a processing advantage for concrete words relative to abstract words). The 52 English words with unique translation equivalents in Dutch were selected as criti cal targets in a masked priming lexical decision experiment. The English word targets could be preceded by their Dutch translation, or by an unrelated Dutch word (see Table 2 and Appendix A). In this and all subsequent experiments, the translation pairs consisted of 26 
Results
Only the correct responses of the word trials (94%) were analyzed. All participants had error rates below 25%. Because one abstract and one concrete target word were misjudged by more than 25% of all participants, they were discarded. Outlier data (response times [RTs] less than 200 msec and 2 SDs below or above the participant's mean word RT) were removed from the analyses, excluding less than 1% of all data. ANOVAs were carried out with par ticipants (F 1 ) and items (F 2 ) as random variables, and with the mean RTs and the percentage of errors as the depen dent variables. The factor stimulus list was included as a betweensubjects variable (Pollatsek & Well, 1995) . This analysis procedure was used in all experiments reported in the present article.
An ANOVA was performed with prime type (translation vs. unrelated) and concreteness (abstract vs. concrete) as repeated measures factors. The SOA (250 vs. 100 msec) was treated as a betweensubjects variable in the partici pants analysis, and as a withinitems variable in the item analysis. English targets preceded by their Dutch transla tion (557 msec) were recognized faster than were those preceded by an unrelated Dutch word (616 msec). This 60 msec priming effect was significant [F 1 (1, 56) Stimulus presentation and response registration were controlled by Experimental Runtime System software version 3.28 (BeriSoft Cooperation, 2006) . All stimuli were presented centered on a stan dard 15in. VGA color monitor in standard DOS font as yellow characters on a black background. Primes appeared in lowercase (font size 12), whereas targets were presented in uppercase (font size 14) to minimize visual feature overlap between primes and targets. For the masks, the same font size as that for the primes was used. In the 100msec SOA condition, the hash marks of the backward mask were presented in a different font and size (Arial Black and 20, respectively) than the hash marks of the forward mask and the prime (standard DOS and 12, respectively). This was done to prevent the possibility of a socalled popout effect of the prime (see also Finkbeiner et al., 2004) . 2 The order of the trials was randomized for each participant. Participants were asked to fixate the center of the screen and to decide as quickly and accurately as possible whether the target stimulus was an English word or not. The two possible response buttons were the right key (for a "yes" response) and the left key (for a "no" response) of a millisecond accurate response box, which was connected to the printer port of a PC. The assignment of responses was reversed for half of the participants. None of the participants were informed about the pres ence of the primes. Instructions were given in Dutch (L1) by the experimenter (before the experiment) and were visually presented (on the screen). At the end, participants were asked to complete a short questionnaire about their L1 and L2 language proficiency (using a 7point Likert scale), on the basis of which their relative L2 reading proficiency was calculated (by means of the equation [L2 score/L1 score] * 7) (see Table 4 ). decreasing SOA, but was still significant at the 100msec SOA. These findings are consistent with earlier studies showing that L1-L2 translation priming is a robust find ing in bilingual word recognition, even at very short SOAs (see, e.g., Gollan et al., 1997; Jiang, 1999; Jiang & Forster, 2001; Kim & Davis, 2003) . In Experiment 2, we tested whether translation priming from L2 to L1 could be ob tained using the same stimuli. The L2 targets from Experi ment 1 were now L2 primes, whereas the L1 primes from Experiment 1 were now L1 targets (see Table 2 ).
EXPERIMENT 2 Translation Priming From L2 to L1 Method
Participants. Sixty new Dutch-English bilinguals from Ghent University took part in this experiment for course credit. The mean age was 20.22 years (SD 5 2.33). They belonged to the same population as, and had a similar L2 history to, the participants in Experiment 1.
Stimuli. The 52 English word targets of Experiment 1 and their respective Dutch translation primes were used again, but now as English (L2) translation primes and corresponding Dutch (L1) word targets, respectively (see Table 2 and Appendix B). The average log 10 of the printed frequency (per million) for these targets was 1.92 (range from 0.60 to 3.14). The 52 Dutch nonword targets satis fied the criteria mentioned in Experiment 1 (all ps . .60, twotailed t tests). English unrelated primes and Dutch nonwords (following Dutch grapheme-phoneme conversion rules) were selected, also following the same criteria described in Experiment 1 (all ps . .25; see Table 3 ).
Design and Procedure. The design and procedure of the present experiment were identical to those of Experiment 1. Only the lan guages of primes and targets were reversed.
Results
Less than 1% of all correct word trials (97%) were out liers and they were therefore excluded from all analyses. Because of a malfunctioning response box, the data of 1 participant could not be analyzed and were discarded from the analyses. We also excluded the translation of the excluded abstract and concrete target mentioned in Experiment 1.
An ANOVA was performed with prime type (transla tion vs. unrelated) and concreteness (abstract vs. con crete) as repeated measures factors. The SOA (250 vs. 100 msec) was treated as a betweensubjects variable in the participants analysis, and as a withinitems variable in the item analysis. Dutch targets preceded by their English translation (510 msec) were recognized faster than were those preceded by an unrelated English word (530 msec). This 20msec priming effect was significant [F 1 (1, 55) , 1) , although planned comparisons showed that the priming effect for abstract targets (see Table 5 ) did not reach significance in the participants analysis [F 1 (1, 56 
Discussion
Experiment 1 showed a significant translation prim ing effect from L1 to L2 for both the 250msec and the 100msec SOA conditions, with the latter effect being weaker. In other words, the priming effect decreased with Table 5 ) was larger than the effect of L2 primes on their L1 translations (28 msec; see Table 6 ). In the 100msec SOA condition, the priming effect interacted significantly with the direction of translation, but only in the participants analysis [F 1 (1, 111) 
Experiment 2 showed an overall significant transla tion priming effect of 20 msec from L2 to L1, for both the 250msec and the 100msec SOA conditions (28 and 12 msec, respectively). Numerically, this overall prim ing effect was 40 msec smaller than the overall priming effect observed in the L1-L2 condition (Experiment 1). The combined analysis of Experiments 1 and 2 con firmed that this difference in priming was significant. Further analyses indicated that the difference in prim ing was also significant for the 250msec SOA condi tion (100 vs. 28 msec), but not quite for the 100msec SOA condition (19 vs. 12 msec). In general, the expected translation priming asymmetry in the lexical decision task was observed. Important to note, however, is that the L2-L1 translation priming effect was significant. So, the difference in priming was a quantitative one, rather than a qualitative one.
EXPERIMENT 3 Cross-Language Semantic Priming From L1 to L2
To gain further insight into the language asymmetry in the masked crosslanguage priming paradigm, we ran two more experiments using crosslanguage semantic prim ing. As is shown in Table 1 , the evidence for a language asymmetry is much less clear for this particular paradigm. BasnightBrown and found no priming in either direction, whereas Perea et al. (2008) found prim ing effects of a very similar magnitude in each direction.
We will now further examine the pattern of effects for each SOA condition. Mean RTs per SOA are presented in Table 6 as a function of prime type and concreteness.
250-msec SOA. The 28msec priming effect was sig nificant [F 1 (1, 55) 
10).
Combined analysis for Experiments 1 and 2. To test for a translation priming asymmetry, we analyzed the data from Experiments 1 and 2 in one design. A t test in dicated that the participants' relative L2 proficiency (see Table 4 ) in both translation priming experiments (from L1 to L2 and vice versa) was comparable ( p . .25) and thus ensured comparable groups of participants. Hence, a fourway ANOVA was run with direction (L1-L2 vs. L2-L1) as an additional betweensubjects factor in the participants analysis and as a withinitems factor in the item analysis. We again treated the mean RT on correct tri als as the dependent variable. As was expected, the over all translation priming effect was significant (40 msec) [F 1 (1, 111) One participant responded incorrectly to more than 25% of the word trials, and was discarded from the analyses. Additionally, one abstract and one concrete target word were misjudged by more than 25% of all participants, and one concrete target word seemed to have an un foreseen semantic relationship with its unrelated prime. These items were also discarded from the analyses (see Appendix A).
An ANOVA was performed with prime type (semanti cally related vs. unrelated) and concreteness (abstract vs. concrete) as repeated measures factors. The SOA (250 vs. 100 msec) was again treated as a betweensubjects variable in the participants analysis, and as a withinitems variable in the item analysis. English targets preceded by a seman tically related Dutch word (584 msec) were recognized faster than were those preceded by an unrelated Dutch word (597 msec). This 13msec priming effect was sig nificant [F 1 (1, 57) (1, 57 ) 5 8.03, p , .01, and F 2 (1,45) 5 2.56, p , .12]. However, numerically the priming effect was stronger for the 250msec SOA condition (23 msec) than for the 100msec SOA condition (4 msec). The con creteness factor did not lead to significant main or interac tion effects (all ps . .10).
We will now further examine the pattern of effects per SOA condition. The mean RTs per SOA are presented in Table 7 as a function of prime type and concreteness.
250-msec SOA. The 23msec priming effect was sig nificant [F 1 (1, 57) In a similar crosslanguage semantic priming paradigm, Duyck (2005) observed asymmetric priming (from L1 to L2, but not vice versa) with pseudohomophones of se mantically related words in the prime position. Thus, it remains to be seen whether the crosslanguage semantic priming effect can be replicated, and if so, whether the effects are asymmetrical or not.
In Experiment 3, we examined crosslanguage semantic priming from L1 to L2, using the same target words as in Experiment 1. The primes were semantic associates of the targets, as was the case in the previously reported cross language semantic priming studies reported in Table 1 . As before, half of the stimuli were abstract words, whereas the other half were concrete words (see Table 2 ).
Method
Participants. Sixtytwo new Dutch-English bilinguals from Ghent University took part in the experiment for course credit. The mean age was 19.80 years (SD 5 1.91). They were selected from the same population as, and had a similar L2 history to, did the partici pants in Experiments 1 and 2.
Stimuli and Design. All target stimuli were identical to those in Experiment 1. Fiftytwo Dutch words were selected as semantically related primes, replacing the translation primes of Experiment 1 (see Table 2 and Appendix A). These related primes were selected from the University of South Florida Free Association Norms (Nel son, McEvoy, & Schreiber, 1998) . The mean forward cuetotarget strength of English target words and their respective semantically related primes (translated to Dutch) was 0.27 for abstract words and 0.31 for concrete words ( p . .55, twotailed t test). Primes for semantically related concrete words were also concrete, whereas primes for semantically related abstract words were also abstract. In addition, 52 Dutch words were selected as unrelated primes, again closely matched item by item to the semantically related primes, following the same criteria as in Experiments 1 and 2 (all ps . .25, twotailed t tests; see Table 3 ). Two matched presentation lists were constructed (counterbalanced over participants). This resulted in a 2 (prime type: semantically related vs. unrelated) 3 2 (concrete ness: abstract vs. concrete) 3 2 (SOA: 250 vs. 100 msec) design, with the first two variables as repeated measures, and with SOA as a betweensubjects, but withinitems, variable.
Procedure. The same procedure as in Experiments 1 and 2 was used for stimulus presentation and data collection.
Results
Less than 1% of all correct word trials (95%) were out liers, and they were therefore excluded from analyses. 
Less than 1% of all correct word trials (96%) were out liers, and they were therefore excluded. One participant responded incorrectly to more than 25% of the word trials and was discarded from the analyses. We also excluded the translation of the excluded abstract and concrete tar gets in Experiment 3 (see Appendix B).
An ANOVA was performed with prime type (semanti cally related vs. unrelated) and concreteness (abstract vs. concrete) as repeated measures factors. The SOA (250 vs. 100 msec) was treated as a between subjects variable in the participants analysis, and as a withinitems variable in the item analysis. Dutch targets preceded by a semanti cally related word in English (535 msec) were recognized faster than were those preceded by an unrelated English word (545 msec). This 10msec priming effect was sig nificant [F 1 (1, 55) , 1) . However, numerically the priming effect was stronger in the 250msec SOA condition (12 msec) than in the 100msec SOA condition (8 msec). The main effect of concreteness was significant, but only in the participants analysis [F 1 (1, 55) 5 5.57, p , .05, and F 2 (1,45) 5 2.00, p , .17]. All other effects were not sig nificant (all ps . .10).
We will now further examine the pattern of effects per SOA condition. Mean RTs per SOA are presented in Table 8 by prime type and concreteness.
250-msec SOA. The 12msec priming effect was sig nificant [F 1 (1, 55) (7 msec) showed larger priming than did the abstract tar gets (0 msec).
ANOVAs on the percentage of errors to words yielded no significant effects.
Discussion
We found a significant crosslanguage semantic prim ing effect from L1 to L2 when using a 250msec SOA, but not when using a 100msec SOA. On the one hand, finding an effect in the 250msec SOA condition is con sistent with the data observed in recent semantic priming studies by Duyck (2005 ; employing a 114msec SOA) . On the other hand, not finding a significant semantic priming effect from L1 to L2 in the 100msec SOA con dition is in line with the findings of BasnightBrown and Altarriba (2007; employing a 100msec SOA). Note, however, that Perea et al. (2008) found significant crosslanguage semantic priming effects with an SOA as short as 47 msec in balanced bilinguals. This find ing shows that L1 to L2 semantic priming is possible to obtain, provided that the SOA is long enough or that participants are proficient enough. Before further dis cussing these observations, we will first present the data of Experiment 4.
EXPERIMENT 4 Cross-Language Semantic Priming From L2 to L1
In Experiment 4, we used L2 primes and L1 targets. In order to preserve the same association strength from prime to target as in Experiment 3, we translated the L1 prime (to L2) and the L2 target (to L1) from Experiment 3 instead of swapping them. Examples for abstract and con crete conditions are shown in Table 2 .
Method
Participants. Sixty new Dutch-English bilingual volunteers par ticipated in this experiment. The mean age was 21.49 years (SD 5 2.57). They were drawn from the same population as, and had a similar L2 history to, the participants in Experiments 1-3.
Stimuli. The 52 L1 word targets were the Dutch translations of the English primes in Experiment 3. The L2 semantically related primes were the English translations of the Dutch targets in Experi ment 3 (see Table 2 and Appendix B). This approach ensured that 
Discussion
Experiment 4 showed a significant L2 to L1 cross language semantic priming effect, regardless of the SOA condition. The combined analysis for Experiments 3 and 4 further showed that the overall crosslanguage priming effect did not interact with the direction of priming (from L1 to L2, or vice versa). Crosslanguage semantic priming did not seem to be asymmetric in any of the SOA condi tions. These findings are in line with those of Perea et al. (2008) , who reported symmetric priming effects for bal anced bilinguals.
GENERAL DISCUSSION
The present study tested translation priming and cross language semantic priming from L1 to L2 and vice versa in unbalanced Dutch-English bilinguals. We used a lexi cal decision task with noncognate prime-target pairs. In Experiment 1, we replicated the translation priming ef fect from L1 to L2 with Dutch-English bilinguals (e.g., meisje-girl). The results of Experiment 2 showed a reli able translation priming effect from L2 to L1 (e.g., girlmeisje), in contrast with a number of previous studies that failed to find such effects (Table 1) . Experiment 3 and Experiment 4 added to the very small amount of literature on crosslanguage semantic priming. These experiments showed that such priming can be observed both from L1 to L2 (e.g., jongen [boy]-girl; Experiment 3), and from L2 to L1 (e.g., boy-meisje [girl]; Experiment 4). Although there was a consistent trend for larger priming effects with concrete words than with abstract words, none of the crosslanguage priming effects interacted significantly with concreteness. We tested a 250msec SOA condition, as well as a shorter 100msec SOA condition. The longer SOA boosted the priming effects but did not change the 100-msec SOA. This 8msec priming effect was signif icant [F 1 (1, 55) 5 5.10, p , .05, and F 2 (1,45) 5 4.09, p , .05]. This effect did not interact with concreteness (both Fs , 1), although planned comparisons showed that the priming effect for abstract targets (2 msec) was not signif icant (both Fs , 1), whereas the numerically larger prim ing effect for concrete targets (13 msec) was [F 1 (1, 55) ANOVAs on the percentage of errors to words did not yield any significant effects.
Combined analysis for Experiments 3 and 4. To test for differences between crosslanguage semantic prim ing in both directions, we analyzed the data from Experi ments 3 and 4 in one design. A t test again indicated that participants' relative L2 proficiency (see Table 4 ) in both crosslanguage semantic priming experiments (from L1 to L2 and vice versa) was comparable ( p . .63), and thus ensured comparable groups of participants. Therefore, a fourway ANOVA was run with direction (L1-L2 vs. L2-L1) as an additional betweensubjects factor in the par ticipants analysis and as a withinitems factor in the item analysis, and the mean RT on correct trials was run as the dependent variable. The overall crosslanguage semantic priming effect (12 msec) was significant [F 1 (1, 112) (1,112) 5 11.23, p , .001, and F 2 (1,45) 5 239.70, p , .001] . Although numerically, the semantically related priming effect of L1 primes on L2 targets (13 msec) was somewhat larger than the ef fect of L2 primes on L1 targets (10 msec), this interaction was not significant (both Fs , 1). Likewise, the three way interaction between SOA, prime type, and direction did not reach significance [F 1 (1, 112) overall pattern of effects (only the L1 to L2 semantic prim ing effect did not reach significance in the 100msec SOA condition; see Figure 1 ). 3 Overall, we found clear masked priming effects in both the 250msec and the 100msec SOA conditions.
The data of our experiments (summarized in Table 9 ), together with the overview of previous studies in Table 1 , reveal some of the factors that affect masked cross language priming. One conclusion that clearly stands out is that none of the factors involves a qualitative difference. It is not the case that crosslanguage priming is possible from L1 on L2, but not from L2 on L1. Similarly, it is not the case that crosslanguage priming is limited to transla tion primes and cannot be observed for semantic primes. In the same vein, it is not the case that priming is limited to words referring to concrete objects or to persons. Finally, it is not the case that priming is observed at long SOAs only. Rather, the pattern of results that emerges is one of quantitative differences: The priming effect is larger from L1 on L2 than from L2 on L1; it is larger for translation priming than for semantic priming; it is slightly (but not significantly) larger for concrete words than for abstract words; and it is larger for a long SOA than for a short SOA (in particular for translation priming).
Given these quantitative rather than qualitative differ ences, it seems unnecessary to assume a model with dif ferent mechanisms for different types/languages of targets and primes to understand crosslanguage priming. It is better to use a model that relies on a single mechanism for all types of stimuli. One such model is the DRM proposed by de Groot and colleagues (de Groot, 1992a , 1992b , 1993 de Groot, Dannenburg, & van Hell, 1994; de Groot & Hoeks, 1995; van Hell & de Groot, 1998a , 1998b . This model can account for our data set through a single, parsimonious mechanism of gradual spreading of activation. The DRM assumes that word translation times and priming effects depend on the number of semantic features shared by the L1 word and the L2 word. This idea was picked up by , who pro posed a reformulation of the classical RHM to explain a consistent pattern of semantic effects in the translation of L1 and L2 number words (which have almost maxi mal semantic similarity across languages). A similar idea was also proposed in the sense model of Finkbeiner et al. (2004) , in which they assumed that cross language prim ing effects depend on the proportion of senses shared by the L1 and L2 word.
Our account in terms of the DRM builds on several additional assumptions that have been made in other studies or that can be defended. First, for unbalanced bilinguals, we assume that the semantic representation is richer for the dominant language than for the second ary language (for a similar view, see Tokowicz, Kroll, de Groot, & van Hell, 2002, p. 439 ; see also Duyck & Brysbaert, 2002 . This means that, in general, more conceptual nodes will be activated by L1 words than by L2 words. A similar idea can again be found in the sense model, where it is assumed that the propor tion of (shared) senses activated by an L1 prime is much higher than the proportion of senses activated by an L2 Table 9 Priming .05. 1992a , 1992b , 1993 de Groot et al., 1994; de Groot & Hoeks, 1995; van Hell & de Groot, 1998a , 1998b . This assumption is supported by the significant correlation that has been found between ratings of semantic similar ity of translation pairs and the concreteness ratings of those words (Tokowicz et al., 2002) . Figure 2 shows how the DRM could explain the dif ferent findings by assuming that the magnitude of the priming effect depends on the proportion of the target's conceptual nodes that are activated by the prime. First, it easily explains why translation priming is typically stronger than semantic priming, since a translation prime shares more conceptual nodes with the target than with a prime. This assumption was supported by evidence show ing withinlanguage semantic priming from many to few sense words, but not from few to many sense words (see Finkbeiner et al., 2004) . Second, the semantic overlap is assumed to be larger for translations than for semanti cally related and associated words (see, e.g., de Groot & Nas, 1991) . This means that more shared conceptual nodes will be activated by a translation prime than by a semantically related prime. Third, there is more overlap in the semantic representations of L1 and L2 translations for concrete words than for abstract words. This means that more shared conceptual nodes will be activated by concrete primes than by abstract primes (de Groot, priming effect. In other studies, using bilinguals with dif ferent proficiency levels, other stimuli, and other SOAs, this threshold for observing significant priming may be different-for example, resulting in a null effect for L2 to L1 translation priming.
A final element that may contribute to the differences between L1 and L2 priming concerns the speed with which L1 and L2 words can activate the conceptual features. Sev eral authors assume that form and meaning activation may take more time in L2 than in L1 (e.g., the bilingual inter active activation model by Dijkstra & Van Heuven, 2002; Grainger & FrenckMestre, 1998) . Tables 1 and 9 show that the crosslanguage priming effect from L1 to L2 in creases with increasing SOA (as was also exemplified by the significant prime 3 SOA interaction in Experiments 1 and 3). The same seems to be true for the translation prim ing from L2 to L1 (although the prime 3 SOA interaction was not significant in Experiments 2 and 4). Interestingly, this delay may explain why L2 to L1 priming seems to be less strong when the scripts of the languages differ (see Table 1 ). An advantage of a shared script is that many of the early processes in word recognition (e.g., letter identi fication, phonological coding) can be shared between L2 and L1, so that L2 word recognition can profit from the already wellestablished and fastoperating L1 machinery (see Brysbaert & Van Wijnendaele, 2003 , and MacWhin ney, 1997, for evidence along these lines). In contrast, the processing of words in a different script relies on other processes that are not as well practiced as the processes of L1, so they take more time to complete. Interestingly, the model depicted in Figure 2 suggests that all differences in translation priming and cross language semantic priming can be explained on the basis of the semantically mediated route. This seems to go against the RHM (Kroll & Stewart, 1994) , which postulates an important role for the direct word-word connections be tween L1 and L2. The reason we cannot use the word-word associations to explain the crosslanguage priming effects is that these associations result in wrong predictions. First, because the word-word associations are supposed to be stronger from L2 to L1 than from L1 to L2, one would have to predict stronger translation priming from L2 on L1 than the other way around. This is not in line with any of the evidence obtained (Tables 1 and 9 ). Second, because semantic priming cannot be based on direct connections between the words in the different lexicons (these are lim ited to translation equivalents), the RHM would be more comfortable with an absence of crosslanguage semantic priming than with the significant effect observed in Ex periment 4 (see also Perea et al., 2008) . Indeed, Kroll and Stewart (1994, p. 167) used the absence of crosslanguage semantic priming from L2 to L1 as evidence for the strong word-word connections from L2 to L1.
To conclude, the present experiments showed that trans lation priming and semantic crosslanguage priming can be generalized to a new population-namely, unbalanced Dutch-English bilinguals. We also showed that the much debated priming effect from L2 to L1 does exist, but that it is weaker than the reverse effect, using exactly the same semantically related prime (compare the upper panel of Figure 2 with the lower panel).
Second, it also accounts for the finding that priming from L1 to L2 is stronger than priming from L2 to L1. As long as an L2 prime activates only a subset of the L1 target's conceptual nodes, the percentage of activated con ceptual nodes will be lower than 100% (compare the right figure in each panel of Figure 2 with the left figure) . An objection to this interpretation might be that the absolute number of shared activated conceptual nodes is the same from L1 to L2 as it is from L2 to L1 (e.g., five in the upper panel of Figure 2 and two in the lower panel). However, it is common practice in connectionist modeling to correct the connection weights for the number of connections, so that a node connected to 100 other nodes does not change the activation of all of those 100 to the same extent as does a node that is only connected to 10 others (Cohen & Grossberg, 1987) . Similarly, a node that receives input from 20 nodes does not receive the same amount of acti vation from each node as does a node that receives input from only 2 nodes. Otherwise, the former node would al ways dominate the latter. More fundamentally, this nor malization prohibits that a word or concept is activated by only a few of its features and thus attempts to minimize the amount of false positives.
Our data also showed a translation priming asymmetry (Experiments 1 and 2), as opposed to more symmetric re sults in crosslanguage semantic priming (Experiments 3 and 4). An additional joint analysis of the four experiments further confirmed this by a threeway interaction. 4 This finding can be accounted for by the model in Figure 2 if we assume that the difference in the number of shared features activated by L1 and L2 is bigger in the case of translation priming than in the case of semantic prim ing (compare the difference in activated shared features by an L1 translation prime vs. an L2 translation prime in the upper panel, in comparison with the difference in shared features activated by both the L1 and the L2 cross language semantically related prime in the lower panel).
Finally, the degree of priming will also differ as a func tion of the percentage of conceptual nodes that are shared by the L1 and the L2 nodes. Priming will be stronger for two translations that share a lot of their features than for translations that share only a few of their nodes (i.e., be cause they have several meanings and senses that are not present in the other language; see also Finkbeiner et al., 2004) . Assuming that the overlap is greater for concrete words than for abstract words, this predicts more cross language priming for the former than for the latter. This assumption is more tentative, since our results suggest that the average difference between both types of words probably is not very large (and was not significant in our studies). The major selling point of the DRM in the pres ent study is that it can explain the gradual, quantitative (and not qualitative) differences observed in the present crosslanguage priming experiments. The crosslanguage semantic priming experiment from L2 to L1 may have taken this quantitative difference near the limit, meaning that it provided the weakest, but still significant, overall stimuli and type of bilinguals. This asymmetry was more clearly present for translation priming than for cross language semantic priming. Finally, we believe that the overall data pattern indicates that the difference between the processing of L1 and L2, between translation and crosslanguage semantic associates, and maybe even be tween concrete and abstract words, is a quantitative differ ence rather than a qualitative one-at least if one accepts that translation and semantic priming are conceptually mediated and not based on direct lexical connections.
APPENDIX B Word Targets and Corresponding Primes Used in Experiments 2 and 4
English ( 
